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Abstract

Background Cardiovascular diseases (CVD) are the leading causes of death globally, including Thailand. Approxi-
mately one-tenth of Thai adults have type 2 diabetes (T2D), a significantly increasing CVD. Our study aimed to deter-
mine the trends of predicted 10-year CVD risk among patients with T2D.

Methods A series of hospital-based cross-sectional studies were conducted in 2014, 2015 and 2018. We included
Thai patients with T2D aged 30-74-year-old without a history of CVD. The predicted 10-year risk for CVD was calcu-
lated based on Framingham Heart Study equations both with simple office-based nonlaboratory and laboratory-
based. Age- and sex-adjusted means and proportions of predicted 10-year risk for CVD were calculated.

Results A total of 84,602 patients with T2D were included in the present study. The average SBP among study par-
ticipants was 129.3+ 157 mmHg in 2014 and rose to 132.6+ 14.9 mmHg in 2018. Likewise, the average body mass
index was 25.7 4.5 kg/m? in 2014 and elevated to 26.0+£4.8 kg/m? in 2018. The age- and sex-adjusted mean of
the predicted 10-year CVD risk (simple office-based) was 26.2% (95% Cl: 26.1-26.3%) in 2014 and rose to 27.3% (95%
Cl:27.2-27.4%) in 2018 (p-for trend < 0.001). While the age- and sex-adjusted mean of the predicted 10-year CVD
risk (laboratory-based) ranged from 22.4-22.9% from 2014 to 2018 (p-for trend < 0.001). The age- and sex-adjusted
prevalence of the high predicted 10-year CVD risk (simple office-based) was 67.2% (95% Cl: 66.5-68.0%) in 2014 and
significantly rose to 73.1% (95% Cl: 72.4-73.7%) in 2018 (p-for trend < 0.001). Nevertheless, the age- and sex-adjusted
prevalence of the high predicted 10-year CVD risk (laboratory-based) ranged from 46.0-47.4% from 2014 to 2018
(p-for trend =0.405). However, among patients with available laboratory results, a significantly positive correlation was
noted between predicted 10-year CVD risk, simple office-based and laboratory-based (r=0.8765, p-value <0.001).

Conclusion Our study demonstrated significant rising trends in the predicated 10-year CVD risk among Thai patients
with T2D. In addition, the results empowered further improved modifiable CVD risks, especially regarding high BMI
and high blood pressure.
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Background

Cardiovascular diseases (CVD) are the leading causes of
death globally. In 2019, the World Health Organization
(WHO) estimated that 17.9 million lives were lost to this
group of diseases each year [1]. Since 1990, the number
of CVD deaths in Asia has continued to rise, the propor-
tion of CVD deaths in total deaths increased from 23 to
35% in 1990 and 2019, respectively, and crude CVD mor-
tality rates increased continuously among both men and
women [2, 3].

Since 1991, the National Health Exam Survey (NHES)
has been conducted in Thailand, and CVD risk factors
such as type 2 diabetes (T2D) hyperlipidemia (DLP),
hypertension (HT) and obesity prevalence were seen to
increase [4, 5]. T2D is one of the most common noncom-
municable diseases, developed in more than 10% of Thai
adults [4, 6, 7], and approximately three-fourths of those
have HT comorbidity [8]. Furthermore, a recent study in
Thailand also demonstrated that Thai patients with T2D
having body mass index (BMI) over 30 kg/m? rose con-
tinuously from 2011 to 2018 [8].

Currently, to reflect the effects of several interventions,
CVD risk assessment tools are increasingly used in large
randomized controlled trials [9]. Various CV risk assess-
ment algorithms have been developed, but their applica-
bility to subjects with diabetes is uncertain [10, 11]. The
Framingham risk score (FRS) is one of the most effec-
tive cardiovascular risk calculators used globally in clini-
cal practice to identify and treat high-risk populations
and effectively communicate risk [12, 13]. In Thailand,
although a Thai CV risk score developed based on a spe-
cific career population is available, further external vali-
dation is still needed [14, 15]. To our knowledge, only one
small study predicting the risk for CVD in the general
population was reported in Thailand [16]. In addition,
limited information demonstrated the predicted 10-year
risk of CVD among Thai patients with T2D.

Herein, we calculated the predicted 10-year CVD risk
among Thai patients with T2D based on the FRS equa-
tions using both simple office-based nonlaboratory and
laboratory-based data with the database from the Thai-
land DM/HT [8]. Furthermore, we also determined
trends in the predicted 10-year CVD risk in this popula-
tion from 2014 to 2018. Understanding these trends may
help in developing health policy and strategies to reduce
CVD risk in this population.

Methods

Study design and subjects

In the present study, we used the data retrieved from the
database: Assessment in Quality of Care among Patients
Receiving a Diagnosis with Type 2 Diabetes and Hyper-
tension Visiting Ministry of Public Health (MoPH) and

Page 2 of 13

Bangkok Metropolitan Administration Hospital in Thai-
land (Thailand DM/HT) [8] after obtaining permission
of the National Health Security Office (NHSO) and the
Medical Research Network of the Consortium of Thai
Medial Schools (MedResNet). We then conducted a
serial cross-sectional study in 2014, 2015 and 2018.

The Thailand DM/HT study is a hospital-based cross-
sectional study among Thai adult patients with T2D or
HT from all MoPH Hospitals, Bangkok Metropolitan
Hospitals, and public and private clinics under the NHSO
Program nationwide. The study design and data collec-
tion protocols of Thailand DM/HT are published [8]. A
total of 33,288, 32,616 and 36,793 patients with T2D were
recruited in 2014, 2015 and 2018, respectively [8].

Regarding calculating the predicted 10-year CVD
risk based on the FRS algorithm, we included patients
with T2D aged 30 to 74 in the present study. In addi-
tion, patients with T2D having a history of CVD (coro-
nary death, myocardial infarction, coronary insufficiency,
angina, ischemic stroke, hemorrhagic stroke, transient
ischemic attack, peripheral artery disease and heart
failure) were excluded. Thus, our final analytic sample
included 84,602 participants (Fig. 1).

Data collection

Data were collected from the patient’s medical records
including baseline information, laboratory testing results
and the status of diabetes complications. A standardized
case report form was used for medical records, com-
pleted by a well-trained registered nurse using a standard
protocol and sent to the MedResNet central data man-
agement unit in Nonthaburi, Thailand [8].

Simple office-based nonlaboratory, and laboratory-
based data predicted 10-year risk for CVD, calculated
using the risk algorithm derived from Framingham Heart
Study (FHS) data among individuals without a history of
CVD (coronary heart disease, stroke, peripheral artery
disease or heart failure) [17, 18]. Simple office-based non-
laboratory data predicted 10-year risk for CVD, includ-
ing variables in the algorithm, i.e., age, sex, BMI, systolic
blood pressure (SBP), a history of T2D, and treatment for
HT [18]. However, the laboratory-based data predicted
10-year risk for CVD, BMI substituted was total choles-
terol (TC) and high-density lipoprotein (HDL) choles-
terol [18]. The high predicted 10-year risk of CVD was
defined as a predicted 10-year risk of CVD >20% [18].

Statistical analysis

All analyses were performed using StataCorp, 2021, Stata
Statistical Software: Release 17. College Station, TX:
StataCorp LLC. Frequency distribution of demographic
characteristics was performed to describe the study sub-
jects. Categorical data including sex, regions, occupation,
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Type 2 diabetes patients enrolled in the study
(N=104,472)

Patients aged <30 or >74 years old
> were excluded

(N=13,760)

Type 2 diabetes patients aged 30-74 years old
(N=90,712)

Patients having a history of CVD
were excluded

v

(N=6,110)

Type 2 diabetes patients aged 30-74 years old
Without CVD (N= 84,602)

Fig. 1 Flow of enrolled patients with T2D aged 30-74-year-old without a history of CVD

health schemes, smoking status, history of HT and dys-
lipidemia were presented as percentages. Continuous
variables, including age, BMI and blood pressure were
presented as mean and standard deviation (SD), while
laboratory blood test results were presented as median
and interquartile rage (IQR). We calculated age- and sex-
adjusted means or proportions of predicted 10-year risk
for CVD using data for each year in 2014, 2015 and 2018.
Linear regression was employed for age and sex-adjusted
means and logistic regression for proportions to test the
statistical significance of linear and nonlinear trends.
The nonlinear trend was first tested by adding a quad-
ratic term in the regression model. When the result was
insignificant, a linear trend was tested. All statistical tests
were two sided, and a p-value less than 0.05 was consid-
ered statistically significant.

Ethics considerations

The study was reviewed and approved by the Institutional
Review Board, RTA Medical Department (Approval no.
S049h/64_Exp), in compliance with international guide-
lines including the Declaration of Helsinki, the Belmont
Report, CIOMS Guidelines, and the International Con-
ference on Harmonization of Technical Requirements for
Registration of Pharmaceuticals for Human Use—Good
Clinical Practice (ICH-GCP). Due to using second-
ary data, a waiver of documentation of informed con-
sent was used, and the waiver for informed consent was
granted by the Institutional Review Board, RTA Medical
Department.

Results

Baseline characteristics of participants

A total of 84,602 patients with T2D aged between 30
and 74 without history of CVD was included in the pre-
sent study. Of those participants, 26,874, 26,554 and
31,174 came from the database in 2014, 2015 and 2018,

respectively. Table 1 presents the baseline characteris-
tics of study participants. Approximately one third of
the participants were males. The average age of partici-
pants ranged from 58.4+9.2 to 59.3 +8.9 years between
2014 and 2018. In all, 32.0, 31.6, 16.2, 14.8 and 5.5% of
participants resided in the northeast, central, north,
south and Bangkok, respectively. Almost 80% of all par-
ticipants received T2D care at community hospitals and
were under the universal health coverage scheme. The
mean duration of T2D diagnosis was 7.5 +4.8 years. The
prevalence of HT comorbidity among study participants
was 73.4, 75.7 and 75.3 in 2014, 2015 and 2018, respec-
tively. The average BMI of study participants rose from
25.74+4.5 kg/m? in 2014 to 26.04+4.7 kg/m? in 2018.
Similarly, the average SBP of study participants surged
from 129.3+15.7 mmHg in 2014 to 132.6 £14.9 mmHg
in 2018. However, the proportion of current smokers
among study participants gradually decreased from 5.0,
4.6 and 3.9% in 2014, 2015 and 2018, respectively. Only
65,173 of 84,602 participants received complete TC and
HDL cholesterol information. From these individuals, we
observed an increase in average HDL cholesterol level
from 45 (IQR 38-54) mg/dL in 2014 to 47 (IQR 39-56)
mg/dL in 2018, while TC level decreased from 184 mg/dL
(IQR 158-215) in 2014 to 180 (IQR 154-210) mg/dL in
2018. Statin prescriptions increased among patients with
T2D from 58.8% in 2014 to 68.5% in 2018.

Trends in mean predicted 10-year risk for CVD

among patients with T2D in Thailand from 2014 to 2018

A total of 79,697 and 65,173 patients with T2D were
included in the analysis to calculate the predicted 10-year
CVD risk based on simple office-based nonlabora-
tory, and laboratory-based data, respectively. The age-
and sex-adjusted and age-adjusted means of predicted
10-year risk for CVD among patients with T2D in Thai-
land are shown in Table 2 while Table 3 illustrates the
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Table 1 Demographic characteristics of participants (n=284,602)

Year 2014 2015 2018
Characteristics n=26,874 n=26,554 n=31,174
n (%) n (%) n (%)

Sex

Male 8079 (30.1) 8451 (31.8) 10,205 (32.7)

Female 18,795 (69.9) 18,103 (68.2) 20,969 (67.3)
Age (years)

30-39 778 (2.9) 701 (2.6) 706 (2.3)

40-49 3991 (14.9) 3561 (134) 3737 (12.0)

50-59 8(33.6) 8948 (33.7) 10,154 (32.6)

60-69 9929 (36.9) 10,049 (37.8) 12,462 (40.0)

70-74 58(11.7) 3295 (12.4) 4115(13.2)

Mean£S.D 584492 5884+9.1 593489
Geographic regions

North 4010 (14.9) 4262 (16.1) 5416 (17.4)

Central 7787 (29.0) 8755 (33.0) 10,172 (32.6)

Northeast 10,057 (37.4) 8100 (30.5) 8877 (28.5)

South 3593 (13.4) 3726 (14, O) 5200 (16.7)

Bangkok 1427 (5.3) 164 1509 (4.8)
Hospital level

Regional hospital (S/A) 1810 (6.7) 2260 (8.5) 2032 (6.5)

General hospital 3755 (14.0) 4243 (16.0) 4685 (15.0)

Community hospital 21,309 (79.3) 20,051 (75.5) 24,457 (78.4)
Occupation

Agriculturist 12,040 (44.8) 10,951 (41.2) 12,389 (39.7)

Retirement 6454 (24.0) 6807 (25.6) 9199 (29.5)

Employee 4744 (17.7) 4980 (18.8) 5740 (18.4)

Private business 1417 (5.3) 1811 (6.8) 1998 (6.4)

Government officer 1116 (4.2) 1310 (4.9) 1505 (4.8)

Others 1108 (4.1) 695 (2.6) 343 (1.1)
Health scheme

Univeral healthcare coverage 21,394 (79.8) 20,601 (77.6) 24,674 (79.1)

Civil servant medical benefit 3822 (14.2) 4175 (15.7) 4649 (14.9)

Social security 1248 (4.7) 1237 (4.7) 1433 (4.6)

Others 361(1.3) 541 (2.0) 418(1.3)
Current smoker 1273 (5.0 162 (4.6) 1201 (3.9
Hypertension 19,720 (73.4) 20,096 (75.7) 23,475 (75.3)
Dyslipidemia 18,401 (68.5) 19,307 (72.7) 21,793 (69.9)
Receiving anti-hypertensive medications 19,215 (71.5) 19,351 (72.9) 22,633 (72.6)
Receiving statin therapy 11,411 (58.8) 12,012 (60.9) 17,825 (68.5)
Diabetes duration (years)

Mean£S.D 714146 75+47 80450
Body mass index (kg/m?)

Mean £S.D 257445 259446 260447
Systolic blood pressure (mmHg)

Mean £S.D 12934157 131.24£158 1326+14.9
Diastolic blood pressure (mmHg)

Mean+£S.D 746+£99 75.1£10.1 752+£100

Fasting plasma glucose (mg/dL)
n (%) 24,492 (91.1) 24,721 (93.1) 29,595 (94.9)
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Table 1 (continued)
Year 2014 2015 2018
Median (IQR) 143 (120-177) 143 (120-177) 143 (121-176)
Hemoglobin A1c (%)
n (%)° 20,857 (77.6) 21,441 (80.7) 29,105 (934)
Median (IQR) 7.6 (6.6-9.1) 76 (6.6-9.1) 7.6 (6.6-9.0)
LDL cholesterol (mg/dL)
n (%)* 23,498 (87.4) 23,389 (88.1) 29,282 (93.9)
Median (IQR) 106 (84-132) 105 (83-131) 102 (80-128)
HDL cholesterol (mg/dL)
n (%) 20,681 (77.0) 20,616 (77.6) 26,624 (85.4)
Median (IQR) 45 (38-54) 46 (38-55) 47 (39-56)
Total cholesterol (mg/dL)
n (%)° 21,882 (81.4) 22,004 (82.9) 28,004 (89.8)
Median (IQR) 184 (158-215) 182 (156-213) 180 (154-210)

2 have a laboratory testing, SD standard deviation

prevalence of high predicted 10-year risk for CVD. A dif-
ferent proportion was noted of patients residing in each
region across the survey year; we performed sensitivity
analysis by including the region variable to estimate the
age- sex- and region-adjusted predicted 10-year CVD
risk (Supplementary File 1).

Mean predicted 10-year risk for CVD based on simple
office-based nonlaboratory data

The overall age and sex-adjusted mean predicted 10-year
rate for CVD among patients with T2D significantly rose
from 26.2% (95% CI: 26.1-26.3%) in 2014 to 27.3% (95%
CIL: 27.2 to 27.4%) in 2018, p<0.001 for non-linear trend
(Table 2). Among male participants, the age-adjusted
mean predicted 10-year rate for CVD slightly rose from
36% (95% CI: 35.7 to 36.2%) in 2014 to 36.6% (95% CIL:
36.4 to 36.8%) in 2018 (p=0.001 for nonlinear trend).
Similarly, it rose significantly from 21.7% (95% CI: 21.6
to 21.9%) in 2014 to 23.2% (95% CI: 23 to 23.3%) in 2018
among females, p<0.001 for nonlinear trend. The sex-
adjusted mean predicted 10-year risk for CVD tended
to be higher among participants of higher age. Signifi-
cantly rising trends in the sex-adjusted mean predicted
10-year risk for CVD among participants aged 50 years
were observed (p<0.001 for nonlinear trend). Figure 2
illustrates the age- and sex-adjusted mean of the pre-
dicted 10-year risk for CVD among patients with T2D
from 2014 to 2018, stratified by regions. The age- and
sex-adjusted mean of the predicted 10-year risk for CVD
among study participants residing in the north, central
and northeast significantly surged from 2014 to 2018
(p<0.05 for nonlinear trend). Nonetheless, among study
participants residing in Bangkok, it ranged consistently

high from 289 to 29.7% between 2014 and 2018
(p=0.137 for linear trend).

Mean predicted 10-year risk for CVD based on laboratory
data

The overall age- and sex-adjusted means predicting
10-year risk for CVD among patients with T2D ranged
from 22.7% in 2014 and slightly dropped to 22.4% in
2018, p<0.001 for nonlinear trend (Table 2). Among male
participants, the age-adjusted mean predicted 10-year
risk for CVD decreased from 33% (95% CI: 32.7 to 33.4%)
in 2014 to 31.6% (95% CI: 31.4 to 31.9%) in 2018 (» < 0.001
for nonlinear trend). However, it tended to be constant
among females, ranging from 18.1 to 18.5% between
2014 and 2018 (p=0.379 for linear trend). In terms of
age- and sex-adjusted mean predicted 10-year risk for
CVD tended to be higher among patients at higher age.
In terms of region, decreasing trends were observed in
the age- and sex-adjusted means predicting 10-year CVD
risk among patients with T2D residing in the north, cen-
tral and south from 2014 to 2018 (p<0.001 for nonlin-
ear trend). However, in Bangkok, it remained constantly
high ranging from 23.9 to 24.7% between 2014 and 2018
(p=0.307 for linear trend).

Trends in prevalence of high predicted 10-year risk for CVD
among patients with T2D in Thailand from 2014 to 2018
High predicted 10-year risk for CVD based on simple
office-based nonlaboratory data

The overall age- and sex-adjusted prevalence of high pre-
dicted 10-year risk for CVD among patients with T2D
significantly surged from 67.2% (95% CI: 66.5 to 68%) in
2014 to 73.1% (95% CI: 72.4 to 73.7%) in 2018, p<0.001
for nonlinear trend (Table 3). Among males, the
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Table 2 Age- and sex-adjusted and age-adjusted means (%) of predicted 10-year risk for CVD

Year 2014 2015 2018
n mean 95% Cl n mean 95% Cl n mean 95% Cl p for trends
Age- and sex-adjusted and age-adjusted mean (%) of projected 10-year risk for CVD (Office-based)
Total? 24,590 26.2 26.1-26.3 24,869 26.7 26.8-27.1 30,238 27.3 27.2-274 <0.001¢
Sex®
Male 7286 36.0 35.7-36.2 7788 364 36.2-36.6 9847 36.6 36.4-36.8 0.001¢
Female 17,304 217 21.6-219 17,081 227 225-22.8 20,391 232 23.0-23.3 <0.001¢
Age (years)*
30-39 710 6.7 6.4-6.9 668 6.9 6.7-7.2 665 6.7 6.4-7.0 0.793
40-49 3636 128 12.6-13.0 3316 13.1 12.8-133 3644 13.1 12.9-133 0.058
50-59 8288 215 21.3-21.7 8428 220 21.8-22.2 9873 22.3 22.1-225 <0.001¢
60-69 9079 314 31.2-316 9389 325 323-327 12,090 333 33.1-335 <0.001¢
70-74 2877 40.7 40.3-41.1 3068 42.0 41.6-424 3966 423 42.0-42.7 <0.0014
Geographic region?
North 3844 26.2 25.9-26.5 4118 26.7 26.5-27.0 5319 269 26.7-27.2 0.001¢
Central 7074 279 27.7-28.1 8155 288 28.6-29.0 9870 286 28.4-28.7 0.020¢
Northeast 9480 239 23.8-24.1 7738 245 243-24.7 8644 257 25.5-259 <0.001¢
South 3355 28.2 27.9-285 3631 278 27.4-28.1 5102 27.8 27.5-28.0 0.102
Bangkok 837 289 28.2-296 1227 293 28.7-299 1303 29.7 29.1-30.2 0.137
Age- and sex-adjusted and age-adjusted mean (%) of projected 10-year risk for CVD (Laboratory-based)
Total® 19418 227 22.6-229 19,727 229 22.8-23.1 26,028 224 22.3-22.5 <0.001¢
Sex®
Male 5714 33.0 32.7-334 6146 328 32.5-33.1 8436 316 314-319 <0.001¢
Female 13,704 18.1 17.9-18.2 13,581 185 18.3-186 17,592 183 18.1-184 0379
Age (years)©
30-39 579 6.2 59-6.5 530 6.2 59-6.5 576 6.0 57-63 0.158
40-49 2885 114 11.2-116 2626 115 11.2-11.7 3142 111 109-113 0.014¢
50-59 6546 18.8 18.6-19.0 6668 19.0 18.8-19.2 8543 18.6 184-18.8 0.043¢
60-69 7120 272 26.9-27.5 7427 274 27.1-276 10,358 27.1 269-27.3 0310
70-74 2288 34.7 34.2-352 2476 352 34.7-35.7 3409 338 334-34.2 <0.001¢
Geographic region?
North 2952 228 22.5-232 3126 227 22.3-230 4382 218 21.5-22.1 <00019
Central 5759 232 23.0-23.5 6605 237 23.5-24.0 8809 225 223-22.7 <0.001¢
Northeast 7286 213 21.1-216 6168 218 21.6-22.1 7030 218 21.6-22.1 0.028¢
South 2970 24.6 24.2-25.0 3102 234 23.0-23.8 4618 232 229-235 <0.001¢
Bangkok 451 24.6 23.6-256 726 239 23.1-24.7 1189 24.7 24.1-253 0.307

2 Age- and sex adjusted mean using regression analyses, PAge-adjusted mean using regression analyses, “Sex-adjusted mean using regression analyses, “Nonlinear

trend

age-adjusted prevalence of high predicted 10-year risk
for CVD was constantly high, ranging from 94.7 to 95.1%
between 2014 and 2018 (p=0.716 for linear trend). Nev-
ertheless, it significantly rose among females from 47.9%
(95% CI: 47 to 48.9%) in 2014 to 56.4% (95% CI: 55.5 to
57.3%) in 2018 (p<0.001 for nonlinear trend). Regarding
age groups, the sex-adjusted prevalence of a high pre-
dicted 10-year risk for CVD tended to be higher among
participants of higher age. Significantly rising trends in
the sex-adjusted prevalence of high predicted 10-year
risk for CVD among participants aged 50 years were

observed (p<0.001 for nonlinear trend). Figure 3 illus-
trates the age- and sex-adjusted prevalence of high pre-
dicted 10-year risk for CVD among patients with T2D
from 2014 to 2018, stratified by regions. The age- and
sex-adjusted prevalence of high predicted 10-year risk
for CVD among study participants residing in the north,
central and northeast significantly increased from 2014
to 2018 (p<0.05 for nonlinear trend). Nonetheless, it
remained constantly high among study participants
residing in Bangkok, ranging from 77.2 to 80.3% between
2014 and 2018 (p=0.277 for linear trend).
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Table 3 Age- and sex-adjusted and age-adjusted prevalence of high predicted 10-year risk for CVD
Year 2014 2015 2018 p for trend
N % 95% Cl N % 95% Cl N % 95% ClI
Age and sex-adjusted and age-adjusted percentage of high predicted 10-year risk for CVD (Office-based)
Total? 24,590 67.2 66.5-68.0 24,869 713 70.6-72.1 30,238 73.1 724-73.7 <0.0014
Sex®
Male 7286 94.7 84.2-95.2 7788 95.1 94.6-95.5 9847 94.7 94.2-95.2 0.716
Female 17,304 479 47.0-489 17,081 533 52.3-54.3 20,391 56.4 555-57.3 <0.0014
Age (years)*
30-39 710 12 0.6-2.3 668 1.5 0.8-2.8 665 0.8 04-1.8 0.135
40-49 3636 1.7 10.7-12.8 3316 125 11.5-13.7 3644 128 11.7-139 0.881
50-59 8288 46.1 45.0-47.2 8428 51.6 50.5-52.7 9873 522 51.1-53.2 <00014
60-69 9079 815 80.6-82.3 9389 843 83.5-85.0 12,090 86.8 86.1-87.3 <0.0019
70-74 2877 94.1 93.2-94.9 3068 95.0 94.2-95.8 3966 96.7 96.1-97.2 <0.001¢
Geographic region?
North 3844 68.1 66.1-70.1 4118 729 71.0-74.6 5319 734 71.8-75.0 0.0024
Central 7074 75.0 73.6-76.3 8155 794 78.3-80.5 9870 79.1 78.0-80.1 0.002¢
Northeast 9480 56.6 55.2-57.9 7738 59.8 583-61.2 8644 65.0 63.7-66.4 <0.0019
South 3355 74.6 72.6-76.5 3631 733 714752 5102 72.7 71.0-74.3 0.161
Bangkok 837 79.3 75.8-82.3 1227 772 74.2-80.0 1303 80.3 77.5-82.8 0277
Age and sex-adjusted and age-adjusted percentage of high predicted 10-year risk for CVD by (Laboratory-based)
Total® 19418 46.0 45.1-46.9 19,727 474 46.5-48.3 26,028 46.1 45.3-46.8 0405
Sex®
Male 5714 86.5 85.5-87.4 6146 85.9 84.9-86.8 8436 83.6 82.6-84.5 <00014
Female 13,704 28.7 27.8-29.5 13,581 305 296-314 17,592 30.1 29.3-30.9 0.094
Age (years)©
30-39 579 0.5 0.1-19 530 0.1 0.02-0.8 576 0.2 0.03-0.8 0.114
40-49 2885 7.1 6.2-8.1 2626 7.2 6.3-8.2 3142 58 49-6.5 0.003¢
50-59 6546 326 31.3-339 6668 338 32.5-35.1 8543 326 31.5-33.7 0.591
60-69 7120 70.3 69.0-714 7427 71.7 70.5-72.8 10,358 714 704-72.4 0.305
70-74 2288 883 86.7-89.7 2476 88.8 87.3-90.1 3409 88.5 87.1-89.8 0.908
Geographic region?
North 2952 45.7 43.4-48.1 3126 472 45.0-49.5 4382 438 41.9-45.7 0.0404
Central 5759 50.0 484-51.7 6605 515 49.9-53.0 8809 479 46.5-49.2 0.002¢
Northeast 7286 39.1 37.7-40.6 6168 417 40.1-433 7030 423 40.8-43.7 0.017¢
South 2970 532 50.9-555 3102 49.2 47.0-51.5 4618 479 46.1-49.7 0.0044
Bangkok 451 53.1 47.5-58.7 726 535 49.0-58.0 1189 585 55.0-619 0.0424

2 Age- and sex adjusted mean using regression analyses, PAge-adjusted mean using regression analyses, “Sex-adjusted mean using regression analyses, “Nonlinear

trend

High predicted 10-year risk for CVD based on laboratory data
The overall age- and sex-adjusted prevalence of high pre-
dicted 10-year risk for CVD among patients with T2D
was consistent, ranging from 46.0 to 47.4% between 2014
and 2018, p=0.405 for linear trend (Table 3). Among
males, decreasing trends in the age-adjusted prevalence
of high predicted 10-year risk for CVD was observed,
i.e., 86.5% (95% CI: 85.5 to 87.4%) in 2014, and dropping
to 83.6% (95% CI: 82.6 to 84.5%) in 2018, p<0.001 for
nonlinear trend. However, the age-adjusted prevalence
of high predicted 10-year risk for CVD among females

tended to be constant from 2014 to 2018, p=0.094 for
linear trend. In terms of region, decreasing trends were
observed in the age- and sex-adjusted prevalence of high
predicted 10-year risk for CVD among patients with T2D
residing in the north central and south from 2014 to 2018
(p<0.05 for nonlinear trend). However, in Bangkok, it
significantly surged from 53.1% (95% CI: 47.5 to 58.7%)
in 2014 to 58.5% (95% CI: 55 to 61.9%) in 2018, p=0.042
for nonlinear trend. However, the rising trend among
patients with T2D residing in the northeast was observed
(»p=0.017 for nonlinear trend).
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40.0 P for trend North = 0.001

P for trend Central = 0.02

P for trend Northeast < 0.001

P for trend South = 0.102
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Correlation between predicted 10-year risk for CVD based
on simple office-based nonlaboratory and laboratory data
In the present study, a total of 64,331 patients with
T2D completed the information needed to calculate
the predicted 10-year risk for CVD based on both sim-
ple office-based nonlaboratory and laboratory data. Fig-
ure 4 presents a scatter plot between predicted 10-year
risk for CVD based on simple office-based nonlaboratory
against the laboratory-based data. A significantly posi-
tive correlation was observed between predicted 10-year
CVD risk simple office-based and laboratory-based data
(r=0.877, p-value<0.001).

Discussion

This nationwide serial cross-sectional study included
84,602 Thai patients with T2D aged 30 to 74 without
history of CVD between 2014 and 2018. We observed
changes in cardiovascular risk factors, including increas-
ing average systolic BP and average BMI, while average
TC tended to decline from 2014 to 2018. In addition,
rising trends in overall age- and sex-adjusted mean and
prevalence of high predicted 10-year risk for CVD by
office-based data between 2014 and 2018 were observed.
However, trends in the mean predicted 10-year risk for
CVD using laboratory-based equations slightly decreased
from 2014 to 2018, while the high predicted 10-year
risk for CVD by laboratory-based data was consistent.
In Thailand, a related study using a small sample size
examined the predicted 10-year risk of CVD in the gen-
eral Thai population based on available FHS risk scores
[19]. Nevertheless, no information is available on the
predicted 10-year risk of CVD among Thai patients with

100
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1

80

1
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1

40

1

Predicted 10-year risk for CVD by office-based (%)
20

0
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T2D. To our knowledge, this is the most extensive study
of trends in the predicted 10-year risk of CVD among
patients with T2D in Thailand.

Our study indicated that rising trends were observed
in average BMI and SBP, constituting a potential risk for
CVD among participants from 2014 to 2018, similar to
a related report [8]. This may support our findings that
significant rising trends in the age- and sex-adjusted
predicted 10-year risk for CVD using an office-based
approach among this study’s participants. On the other
hand, when we used a laboratory-based equation to pre-
dict 10-year risk for CVD, slightly decreasing trends were
observed in age- and sex-adjusted prevalence of high
predicted 10-year risk for CVD from 2014 to 2018. Our
findings may explain that the average TC level among
patients with T2D tended to decrease from 2014 to 2018,
while the average HDL cholesterol level in 2018 was more
likely to be higher when compared with that in 2014.
In addition, our results also revealed that statins used
among study participants tended to increase from 2014
to 2018. Nevertheless, the age- and sex-adjusted preva-
lence of high predicted 10-year risk for CVD (>20%) did
not improve during the study period.

However, a difference in trends of predicted 10-year
risk for CVD was found between both approaches dur-
ing the study period. When we considered patients with
T2D having completed the information to calculate the
predicted 10-year risk for CVD using office-based and
laboratory-based methods, a highly positive correla-
tion between both approaches was observed. We also
found that the predicted 10-year risk for CVD using an
office-based equation was more likely to be high when

r=0.877, p-value <0.001

0 20 40

60 80 100

Predicted 10-year risk for CVD by laboratory-based (%)

Fig. 4 Scatter plot between predicted 10-year CVD risk, simple office-based against the laboratory-based data
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compared with those using a laboratory-based equation
which was consistent with the findings in related studies
in Wales [20] and Malaysia [21]. The office-base equation
required fewer laboratory measurements (BMI rather
than TC and HDL cholesterol). Furthermore, obesity was
confirmed to lead to the development of CVD and CVD
mortality independently of other cardiovascular risk fac-
tors [22].

We found that the age-adjusted mean predicted
10-year risk for CVD among male study participants was
higher than that among females over the study period,
which was compatible with the related study among U.S.
adults [23, 24]. In addition, our results demonstrated that
more than 90% of male participants in the current study
had an office-based high predicted 10-year risk for CVD,
which was highly constant from 2014 to 2018. At the
same time, a significantly rising trend among females was
observed. These findings may be explained by the estab-
lished behavioral and metabolic risk for CVD among
males, which is higher than that among females in Thai-
land [25-28]. Notably, the present study included only
patients with T2D receiving care at the hospitals; approx-
imately one-third of the study participants were males,
but the NHES in Thailand indicated that prevalence of
T2D among men and women was comparable [8, 29,
30]. Gender values may partly explain the higher ratio of
female patients with T2D and health-seeking behaviors
in that male patients exhibited less health awareness [31,
32]. Therefore, this may have led to underestimating the
predicted 10-year risk for CVD among Thai male patients
with T2D.

In terms of age, well documented data indicated that
higher age individuals were more likely to have a greater
risk for CVD [23, 24, 33, 34]. Likewise, the present study
demonstrated that sex-adjusted predicted 10-year risk
for CVD was higher among higher aged patients with
T2D compared with that of younger aged patients. In
addition, we also found a significantly rising trend in the
sex-adjusted prevalence of the high predicted 10-year
risk for CVD based on an office-based approach among
participants aged > 50 from 2014 to 2018. In contrast,
a related study in the U.S. presented that decreasing
trends were observed in the predicted 10-year risk for
CVD among people aged > 50 from 1999 to 2010 [23].
Our results suggested that rising trends in the high pre-
dicted 10-year risk for CVD among Thai elderly patients
with T2D should be recognized. Modifiable risk factors,
including high blood pressure and obesity in this popula-
tion, should be alleviated to prevent CVD late in life.

Sakboonyarat et al. reported that in 2013, Thai patients
with T2D residing in the fourth health region located in
the central area of Thailand had the highest prevalence
of ischemic heart disease compared with that in other
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regions [25]. Our results also reported that between 2014
and 2018, the age- and sex-adjusted prevalence of high
predicted 10-year risk for CVD among patients with T2D
residing in Bangkok and central regions was relatively
high compared with that in other regions. This finding
may be explained by established behavioral risks for CVD
including higher BMI and dietary patterns [4, 26], affect-
ing BMI in the Thai populations residing in Bangkok and
the central region. Although the predicted 10-year risk
for CVD among patients with T2D residing in the North-
east tended to be lower than that in other regions, mark-
edly increasing trends were also observed in the age-and
sex-adjusted prevalence of high predicted 10-year risk
for CVD from 2014 to 2018 among patients residing in
the Northeast. These findings may be supported by the
results when we performed subgroup analysis revealing
that mean SBP among patients in the northeast increased
substantially from 126.1 mmHg in 2014 to 131.2 mmHg
in 2018. Moreover, rising trends in average BMI from
25.1 kg/m? in 2014 to 25.3 kg/m? in 2018 were observed
among patients in the northeast.

SBP and BMI were independent predictors in the FHS
risk equations, and our study indicated increasing trends
in average blood pressure and BMI among patients with
T2D from 2014 to 2018. Therefore, high blood pressure
and high BMI, namely, modifiable behavioral and meta-
bolic risk factors, should be alleviated to reduce the risk
for CVD in this population. In addition, our study sug-
gested that lifestyle modifications, such as a DASH
diet, weight loss, increased physical activity and alcohol
restriction [35—37], should be encouraged in this popula-
tion. However, physical exercise should be carefully per-
formed under physician recommendations and related
guidelines [38] because excessive exercise may lead to
adverse cardiovascular events [39].

The present study encountered several limitations.
Firstly, the present study included only patients with T2D
visiting a hospital for diabetes care and excluded patients
with T2D receiving care at primary care units, account-
ing for approximately one half of the overall patients with
T2D in Thailand. Additionally, subjects from university
hospitals were excluded. Secondly, this investigation
comprised a series of cross-sectional studies; longitu-
dinal changes in the risk for CVD at an individual level
could not be evaluated. Thirdly, due to the nature of an
observational study, the information on some variables
could have been more attainable, including BMI of 1,412
individuals (1.7%) and SBP of 138 individuals (0.26%).
Therefore, regarding an extensive dataset, we did not per-
form imputed data; however, individuals without BMI
or SBP were still included in the calculation of the risk
of CVD based on laboratory equations when HDL and
TC data were available. Additionally, data were missing
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from the patient’s laboratory results (TC and HDL cho-
lesterol), which may have affected the pattern of trends
in the predicted CVD risk from 2014 to 2018. In addi-
tion, we explored characteristics between T2D with and
without TC and HDL cholesterol information that may
have different distributions; therefore, the interpretation
of the predicted CVD risk using laboratory-based meth-
ods among this study’s participants should be carefully
considered.

Finally, the present study calculated the predicted
10-year risk of CVD based on FHS data which was con-
ducted in a U.S. population. Therefore, the validity of
CVD risk prediction among Thais may be relatively
inaccurate. Nevertheless, the FHS CVD risk score was
validated in a multiethnic Asian population retrospec-
tive cohort study, showing fairly accurate prediction
among males and slightly overestimated prediction for
females [40]. Additionally, the calibration study among
UK-based individuals with T2D indicated that CVD risk
prediction scores might not accurately identify those
who experienced a CVD event in the ten years of follow-
up. Therefore, interpreting the results in this study as
CVD risk prediction among patients with T2D should
be performed carefully [41]. Our study had consider-
able strengths, including extensive data for predicting
the 10-year risk for CVD among Thai patients with T2D.
Thus, our results provided valuable insights regarding the
rising trends in this population’s predicted 10-year risk
for CVD, empowering increased attention to the popula-
tion’s healthcare.

Conclusion

Our study demonstrated rising trends in overall age-
and sex-adjusted mean and prevalence of high predicted
10-year risk for CVD by office-based method between
2014 and 2018. While trends in the mean predicted
10-year risk for CVD using laboratory-based equations
slightly decreased from 2014 to 2018, the high pre-
dicted 10-year risk for CVD by laboratory-based method
remained consistent. The modifiable risk factors for CVD
including high SBP and high BMI in this population
should be attenuated to reduce the risk for CVD in the
future.

Abbreviations

NCDs Noncommunicable diseases
CVD Cardiovascular diseases

FHS Framingham Heart Study
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